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(54) PRODUCTION OF COMPOSE METAL OXIDE EPITAXIAL FILM HAVING PEROVSKITE STRUCTURE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for producing a composite metal oxide epitaxial film having a perovskite 
structure, enabling to obtain the film high in epitaxy in good production efficiency and at a low cost by subjecting a thin film 
comprising a prescribed mixture of organic group-bound metal compounds and formed on a single crystal substrate to a 
preliminary calculation process and subsequently to a main calcination process under specific conditions, respectively. 
SOLUTION: This method for producing a composite metal oxide epitaxial film having a perovskite structure comprises 
preliminarily calcining a thin film formed on a single crystal (e.g. SrTi03 single crystal) substrate, comprising an organic group- 
bound metal compound mixture (e.g. a 1:1 mixture of barium naphthenate with titanium naphthenate) having a metal component 
composition corresponding to the prescribed perovskite structure and preferably having a thickness of 0.05-5u.m at an oxygen 
partial pressure of 0-10-2atm, preferably 10-3 to 10-4atm, at a temperature of 150-400° C, preferably 200-300° C, and 
subsequently mainly calcining the product at an oxygen partial presser of preferably 0-10-2 at a temperature of >500° C, 
preferably 600-1000° C. Thus, a composite metal oxide (e.g. BaTi03) film preferably having a thickness of 0.05-5uj*n is 
obtained. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A thin film which consists of a mixture of an organic group binder metal compound which has the metallic component 
presentation corresponding to a predetermined perovskite presentation formed on a monocrystal substrate, A manufacturing 
method of a composite metal oxide epitaxial film which has a perovskite structure carrying out heating calcination at temperature 
of not less than 500 **, and considering it as a thin film of a composite metal oxide after carrying out heating calcination at 1 50- 
400 ** under conditions of oxygen tension of 0 - 1 0 " 2 atm. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the manufacturing method of the composite metal oxide epitaxial film which has a 

metal perovskite structure. 

[0002] 

[Description of the Prior Art]The composite metal oxide epitaxial film which has a perovskite structure can be used as functional 
materials, such as dielectric materials, piezo electric crystal material, a collector material, and a ferroelectric material. As a 
manufacturing method of such a material, although PVD and gaseous phase methods, such as a CVD method, are known, these 
methods may yet be satisfied in respect of productive efficiency. 
[0003] 

[Problem(s) to be Solved by the Invention]This invention makes it the technical problem to provide the method that the 
composite metal oxide epitaxial film which has a perovskite structure can be manufactured with sufficient productive efficiency. 
[0004] 

[Means for Solving the ProblemjThis invention persons came to complete this invention, as a result of repeating research 
wholeheartedly that said technical problem should be solved. Namely, a thin film which consists of a mixture of an organic group 
binder metal compound which has the metallic component presentation corresponding to a predetermined perovskite 
presentation formed on a monocrystal substrate according to this invention, After carrying out heating calcination at 1 50-400 ** 
under conditions of oxygen tension of 0 - 1 0 ~ 2 atm, a manufacturing method of a composite metal oxide epitaxial film which has 
a perovskite structure carrying out heating calcination at temperature of not less than 500 **, and considering it as a thin film of 
a composite metal oxide is provided. 
[0005] 

[Embodiment of the Invention]In the manufacturing method of the composite metal oxide (only henceforth metallic oxide) 
epitaxial film which has a perovskite structure of this invention, the thin film which consists of a mixture of the organic group 
binder metal compound corresponding to the component composition of the metallic oxide is first formed on a monocrystal 
substrate. An organic group binder metal compound (only henceforth metallic compounds) shows fusibility to an organic solvent 
and metaled organic acid salt and complex should just be included by such thing. As those examples, for example Naphthenic 
acid, 2-ethylhexanoic acid, Metal salt of organic acid, such as caprylic acid, stearic acid, lauric acid, butanoic acid, propionic acid, 
oxalic acid, citrate, lactic acid, phenol, catechol, benzoic acid, salicylic acid, and EDTA, metal complexes, such as metal 
ac ety lace ton ato, etc. are mentioned. The presentation of the metallic oxide of a perovskite structure is expressed with a 
following formula. 

A shows type metal, such as Ba, Sr, Ca, Mg, Pb, and La, among an AB0 3 type. B shows transition metals, such as Ti, Zr, Fe, Mn, 
Co, nickel, Nb, and Ta. The mixture of said metallic compounds consists of a mixture of the component composition 
corresponding to the presentation of the metallic oxide of this perovskite structure. 

[0006]What is necessary is to apply the organic solvent solution of the metallic compounds on a monocrystal substrate, and just 
to dry, in order to form the thin film which consists of a metallic-compounds mixture on a monocrystal substrate. The above 
mentioned **** metallic compounds may be dissolved as an organic solvent and various kinds of things should be just 
independent or it is used in the form of a mixture. As such a solvent for example Hexane, octane, benzene, Hydrocarbon, such 
as toluene and a tetralin, methanol, ethanol, propanol, Alcohols, such as butanol and amyl alcohol, acetone, methyl ethyl ketone, 
Aldehyde, such as ketone, such as an acetylacetone, and dibutyl ether. Formic acid, acetic acid, propionic acid, butanoic acid, 
caprylic acid, lauric acid, stearic acid, Naphthenic acid, RINO acid, oleic acid, oxalic acid, citrate, lactic acid, phenol, Ester acid, 
such as organic acid, such as P-torr yne acid, and butyl butyrate. Heterocyclic substances, such as sulfur content compounds, 
such as amide, such as amines, such as dimethylamine and aniline, N-methylacetamide, and formamide, and dimethyl 
SUHOKISHIDO, pyridine, and furfural, can be mentioned. These organic solvents are suitably selected in one sort or two sorts or 
more of combination according to the kind of metallic-compounds mixture used concretely. Into a metallic-compounds mixture 
solution, a proper quantity of polymeric materials can be added as a viscosity modifier. Although the metallic-compounds mixture 
concentration in particular in a solution is not restrained but the maximum is suitably decided with the degree of** of a metallic- 
compounds mixture, etc., generally it is 3 to 40 % of the weight As a method of applying a metallic-compounds mixture solution 
on a monocrystal substrate, various kinds of methods, such as a publicly known method, for example, dip coating, a spray method, 
and the brush applying method, can be used conventionally. Desiccation after solution spreading is carried out by the method etc. 
which combined reduced pressure drying, stoving, and them. Complete drying of the thin film of the metallic-compounds mixture 
formed on a substrate may not be carried out, and it may contain the solvent for how many minutes. 0.05-5 micrometers of 
thickness of the metallic-compounds mixture thin film formed on a substrate are 0.1-2 micrometers preferably. 
[0007]The temporary baking process which carries out heating calcination of the thin film of the metallic-compounds mixture 
formed on the substrate as mentioned above at 150-400 ** under the conditions of the oxygen tension of 0 - 10 ~ 2 atm in this 
invention, After the temporary calcination, it calcinates using two steps of baking processes of this baking process which carries 
out heating calcination at the temperature of not less than 500 **. the oxygen tension in said temporary baking process — 0 - 
10 " 2 atm — it is 10 ~ 3 - 10 ~ 4 atm preferably, and 150-400 ** of calcination temperature is 200-300 ** preferably. Firing time 
is 60 to 120 minutes preferably for 10 to 360 minutes. Said oxygen tension conditions can be formed by adoption of inactive gas, 
such as adoption and argon gas of decompression, nitrogen gas, and gaseous helium. It makes it possible to raise remarkably the 
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epitaxial uaLure or tne meiai oxioe mm oDiainea Dy mis Tonowing DaKmg process by adoption ot this temporary baking process. 
[0008]although the oxygen tension in particular in said this baking process is not restrained — general — 0 - 1 0 " 2 atm — they 
are 10 " 4 - 10 ~ 3 atm preferably. Not less than 500 ** of calcination temperature is 600-1000 ** preferably, and the upper limit 
temperature is about 1500 **. Firing time is 20 to 60 minutes preferably for 10 to 360 minutes. By this baking process of this, the 
metallic-oxide epitaxial thin film formed on the monocrystal substrate is obtained. 0.05-5 micrometers of thickness of this thin 
film are 0.1-2 micrometers preferably. 

[0009]aluminum2O3, SrTi0 3 , LaAI0 3 , MgO, etc. are used as a monocrystal substrate used by this invention. The grating constant 
mostly the monocrystal substrate used by this invention with the grating constant of the metallic oxide formed on it A match, 
Usually, it is preferred that the inharmonious rate of the grating constant of a metallic oxide uses less than 2% of thing, and it can 
obtain the metallic oxide of high epitaxial nature by adoption of such a monocrystal substrate 
[0010] 

[Example]Next, an example explains this invention still in detail. 

After applying to a SrTi0 3 single crystal (100) side the toluene solution which mixed naphthenic acid titanium with example 1 
naphthenic-acid barium to 1:1, Among Ar air current (po 2 = 2x1 0 ~ 4 atm) which contains oxygen slightly, the 2h temporary- 
quenching back was performed at 250 **, 850 **1h heat treatment was performed in the same atmosphere, and the BaTi0 3 film 
was made. The intensity ratio of the XRD intensity (200) of a BaTi0 3 film and substrate SrTi0 3 (200) was 0.1 1. Epitaxy was 
checked with beta-scan. 

[0011]After [ after applying using the same solution as comparative example 1 Example 1 and a substrate ] 450 ** 10-minute 
temporary quenching in the air. Heat-treating 1h at Po 2 =2x10 " 4 atm and 850 **, the intensity ratio of a BaTi0 3 film (200) and 
substrate SrTi0 3 (200) was 0.03 similarly. Epitaxy was checked with beta-scan, in this case, the XRD intensity of the BaTi0 3 film 
fell to one fourth by carrying out temporary quenching at 450 ** among the air. 
[0012] 

[Effect of the Invention]According to this invention, the metal oxide thin film which has a high perovskite structure of epitaxy can 
be obtained often [ productive efficiency ] and cheaply. This metal oxide film can be advantageously used based on that high 
epitaxy as various kinds of functional materials, for example, dielectric materials, piezoelectric material, a collector material, 
strong dielectric intermediary object material, a magnetoresistance effect material, etc. 



[Translation done.] 
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